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T I TLE : LOUDSPEAKERS 



DESCRIPTION 



The invention relates to loudspeakers and more 
particularly to resonant panel -form loudspeakers of the 
kind disclosed in International patent application 
WO97/09842 of New Transducers Ltd. Such resonant panel- 
form loudspeakers may comprise a member having capability 
to sustain and propagate input vibrational energy by 
bending waves in at least one operative area extending 
transversely of thickness to have resonant mode vibration 
components distributed over said at least one area and have 
predetermined p refer ential locations or sites within said 
area for transducer means and having a transducer mounted 
on said member at one of said locations or sites to vibrate 
the member to cause it to resonant forming an acoustic 
radiator which provides a diffuse acoustic output when 



resonating . 

A resonant panel -form loudspeaker of this kind is 
characterised by a large area, low intensity diffuse source 
with an almost spherical acoustic radiation. In some 
5 applications this wide directivity might be a problem and 
method of control might be advantageous in such cases. 

It is known that horn loading of a pistonic 
loudspeaker driver may improve the acoustic impedance 
between the small vibrating diaphragm of the loudspeaker 

10 drive and the surrounding air, resulting in increased 
efficiency and controlled directivity. Such a horn behaves 
as an acoustic transformer by allowing the sound waves 
created by the diaphragm to expand in a controlled fashion 
along its length . 

15 It is an object of the invention to assist in 

controlling the directivity of the acoustic radiation from 
a resonant panel loudspeaker. 

It is a further object of the invention to improve the 
acoustic gain of a resonant panel loudspeaker in an 

20 intended direction (s) . 

From one aspect the invention is a loudspeaker 
comprising a member having capability to sustain and 
propagate input vibrational energy by bending waves in at 
least one op erativ e area extending transversely of 

2 5 thickness to have resonant mode vibration components 
distributed over said at least one area and have 
predetermined preferential locations or sites within said 
area for transducer means and having a transducer mounted 




on said member at one of said locations or sites to vibrate 
the member to cause it to resonate forming an acoustic 
radiator which provides an acoustic output when resonating, 
and a horn mounted to the radiator to direct the output. 
5 From another aspect the invention is a loudspeaker 

comprising a member having capability to sustain and 
propagate input vibrational energy by bending waves in at 
least one operative area extending transversely of 
thickness to have resonant mode vibration components 

10 distributed over said at least one area and have 
predetermined preferential locations or sites within said 
area for transducer means and having a transducer mounted 
on said member at one of said locations or sites to vibrate 
the member to cause it to resonate forming an acoustic 

15 radiator which provides an acoustic output when resonating, 
and a horn mounted to the radiator to direct the output . 

The horn is preferably mounted to the radiator using a 
compliant suspension . 

The radiator may be mounted at the throat of the horn, 

2 0 and the rear radiated sound absorbed in a closed chamber. 
This chamber may have acoustically absorbing material added 
to "dampen acoustic resonances. 

The horn may be a double horn comprising coaxial inner 
and outer horns^ ^ This enables the rear radiation to be 

2 5 ducted to the front and the two sources of sound to be 
summed . 

The horn may have an outwardly directed lip around the 
circumference of its end open to the air. Such a lip may 




4 

help to reduce diffraction effects by softening the edge 
between the horn and the air. 

The radiator may be curved. The advantage of a curved 
panel is that the curvature of the panel can be adjusted so 
5 that the initial wavefront radiating from the panel matches 
the geometry of the horn. 

The horn may include veins or perforations to provide 
a means to reduce resonances in the throat of the horn. 

The horn may be of the barn-door type, comprising four 

10 generally trapezoidal plates, and a frame attached to one 
edge of each plate so as to form a truncated pyramid-like 
structure having opposed open ends. The radiator may be 
mounted to the frame of the barn-door type horn. The 
generally trapezoidal plates may be pivotally attached to 

15 the frame of the barn-door type horn to permit adjustment 
of the operating angle between the planes of the plates and 
the plane of the radiator. Increasing the operating angle 
increases the effective size of the radiation area of the 
resonant panel and thus adjusts its directivity. Thus a 

2 0 pivotal attachment between the frame of the barn-door type 
horn and the plates permits greater flexibility in 
controlling the directionality of the acoustic radiation. 

There are two important ways in which the nature of 
the radiation of a radiator as described above may improve 

2 5 the performance of a horn as compared with a horn- loaded 
conventional pistonic loudspeaker driver. In a 

conventional pistonic loudspeaker driver, the sound waves 
are produced by a small vibrating diaphragm. The best 



results are produced in a horn with a narrow neck connected 
to the diaphragm and a flared end open to the air. Such a 
horn behaves as an acoustic transformer by allowing the 
sound waves created by the diaphragm to expand in a 
controlled fashion along its length- In a resonant panel 
radiator, the initial wavefront can be much larger than 
that of a diaphragm in a conventional pistonic driver which 
permits a small compression ratio to be used in the horn; 
thus distortion may be reduced. In particular, the long 
neck of a conventional loudspeaker horn may be unnecessary 
for the horn of a resonant panel loudspeaker. 

The resonant panel radiator as described also produces 
a diffuse source, which may also suppress or prevent 
standing waves in the horn throat. 

The invention is diagrammatically illustrated, by way 
of example, in the accompanying drawings in which: - 

Figure 1 is a cross-section of a basic horn; 

Figure 2 is a cross-section of a double horn; 

Figure 3 is a cross-section of a another double horn; 

Figure 4 is a cross-section of a lipped horn; 

Figure 5 is a cross-section of a further horn; 

Figure 6 is a schematic view of barn-door type horn, 

and 

Figure 7 is scrap cross -sectional view showing the 

mounting of a resonant panel drive unit in a horn. 

Figure 1 illustrates a horn (1) mounted to a resonant 
panel acoustic radiator (2) , the radiator being of the kind 
disclosed in International patent application WO97/09842, 
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to direct the output from the acoustic radiator. Such a 
radiator (2 ) may comprise a member having capability to 
sustain and propagate input vibrational energy by bending 
waves in at least one operative area extending transversely 
5 of thickness to have resonant mode vibration components 
distributed over said at least one area and have 
predetermined preferential locations or sites within said 
area for transducer means and having a transducer mounted 
on said member at one of said locations or sites to vibrate 
10 the member to cause it to resonate forming an acoustic 
radiator which provides an acoustic output when resonating. 

The radiator (2) is mounted to the inside of the horn 

(I) using a compliant suspension, see Figure 7. Between 
the radiator (2) and an inner end of the horn (1) there is 

15 a closed rear cavity (3) , which can be used to absorb the 
rear acoustic output whereby radiation from the rear side 
of the radiator is contained within the rear cavity (3) . 
Acoustic wadding (19) may fill the cavity (3) . The arrows 

(II) indicate the direction of radiation from the acoustic 
20 radiator. 

In Figure 2 another embodiment of the invention is 
illustrated. A double horn (4) comprising coaxial inner 
(5) and outer (6) horns is mounted to a radiator (2) of the 

kind disclosed in International patent application 

25 WO97/09842. The radiator (2) is connected to one end of 
the inner horn (5) in such a manner to allow the rear 
radiation to couple to the outer horn (6) by means of a 
rear cavity (3) . The sound waves from the rear side of the 
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panel (2) radiate along the duct (7) formed between the 
inner horn ( 5 ) and outer horn ( 6 ) to the mouth of the duct 
(7) as indicated by the arrows (11) . 

In Figure 3, a second embodiment of double horn (4) is 
5 mounted to a radiator. (2 ) of the kind disclosed in 
WO97/09842. The double horn comprises coaxial inner and 
outer horns (5,6). In this embodiment the radiator (2) is 
mounted directly to the outer horn (6), e.g. as shown in 
Figure 7 below, and is formed with at least one hole (16) , 

10 which couples the rear cavity (3) to the throat of the 
inner horn (5) . As the arrows (11) indicate, the sound 
waves from the rear side of the panel (2) circulate behind 
the radiator (2) and pass through the hole (16) in the 
panel into the inner horn (5) . 

15 In Figure 4 , there is illustrated an embodiment of 

horn loaded resonant panel loudspeaker in which the horn 
(1) has an outwardly directed lip (8) along the 
circumference of its flared end. Such a lip (8) may help 
to reduce diffraction effects by softening the edge between 

2 0 the horn (1) and the air. In this embodiment a resonant 
panel radiator (9) of the kind disclosed in International 
patent application WO97/09842 is of a curved form such that 
its convex face is disposed towards the flared end of the 
horn. The advantage of a curved panel (9) is that the 

2 5 curvature of the panel ( 9 ) can be adj usted so the initial 
wavefront radiating from the panel (9) matches the geometry 
of the horn. 

In Figure 5, there is shown an embodiment of horn 
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loaded resonant panel radiator loudspeaker generally of the 
kind shown in Figure 2 and in which veins (10) or 
perforations are incorporated into the horn (1) to provide 
a means to reduce air resonances in the throat of the horn 
5 (1.) . 

Figure 6 illustrates a loudspeaker comprising 'barn- 
door' type horn (12) mounted on a resonant panel acoustic 
radiator (2) of the kind disclosed in International patent 
application WO97/09842. The horn is constructed from 

10 substantially trapezoidal plates (13) which are connected 
to a frame (14) by hinges (15) to form a four sided 
truncated pyramid- like structure. The frame is then 

mounted to the resonant radiator (2) by means of a 
compliant suspension, see Figure 7. Thus the plates can be 

15 hinged on the frame to adjust the flare of the horn and the 
directivity of the loudspeaker. 

In Figure 7 there is shown a partial cross-section of 
a loudspeaker horn (4) having an inwardly directed flange 
(17) which carries a resilient suspension (18) e.g. of a 

2 0 rubber- like material which is bonded to a face of the 
resonant panel acoustic radiator (2) at suitable locations 
to support the panel in position in the horn. 

This invention thus provides apparatus for controlling 
the directivit y of^ a loudspeaker comprising a resonant 

2 5 panel by mounting a horn to the radiator. Such apparatus 
may also improve the acoustic gain of the loudspeaker in 
the intended directions. 
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CLAIMS 

1. A loudspeaker comprising a resonant acoustic radiator 
and a horn mounted to the radiator to direct the acoustic 
output of the radiator . 
5 2. A loudspeaker comprising a member having capability to 
sustain and propagate input vibrational energy by bending 
waves in at least one operative area extending transversely 
of thickness to have resonant mode vibration components 
distributed over said at least one area and have 

10 predetermined preferential locations or sites within said 
area for transducer means and having a transducer mounted 
on said member at one of said locations or sites to vibrate 
the member to cause it to resonate forming an acoustic 
radiator which provides an acoustic output when resonating, 

15 and a horn mounted to the radiator to direct the output. 

3. Loudspeaker according claim 1 or claim 2, wherein the 
horn is mounted to the radiator using a compliant 
suspension . 

4. Loudspeaker according to any one of claims 1 to 3 , 
2 0 wherein a closed cavity is provided to one side of the 

radiator . 

5 . Loudspeaker according to any one of claims 1 to 3 , 
wherein the horn comprises coaxial inner and outer horns. 

6 . Loudspeaker^ according to any preceding claim, wherein 
2 5 the horn is terminated by an outwardly directed lip around 

the circumference of its end open to the air. 

7. Loudspeaker according to any preceding claim, wherein 
the radiator is panel -form and is curved. 



8. Loudspeaker according to claim 7, wherein the radiator 
is convexly curved in a direction towards the horn mouth. 

9. Loudspeaker according to any preceding claim, wherein 
the. horn comprises veins or perforations. 

10. Loudspeaker according to any one of claims 1 to 3 or 
7, wherein the horn comprises a plurality of generally 
trapezoidal plates and a frame attached to one edge of each 
plate so as to form a truncated pyramid- like structure 
having opposed open ends . 

11. Loudspeaker according to claim 10, wherein the 
radiator is mounted to the frame. 

12. Loudspeaker according to claim 11, wherein the plates 
are pivotally attached to the frame. 
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Apparatus for controlling the directivity of 
radiator in a resonant panel -form loudspeaker by mounting 
horn to the radiator. 
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